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Abstract. 
Linear thermal expansion coefficient (LTEC) of single crystal κ-(D4-BEDT-
TTF)2Cu[N(CN)2]Br was studied across the crystal layers in the temperature range 2-290 K 
using the method of precise capacitive dilatometry. Below Tc = 11,6 K the LTEC of the sample 
had a small negative value, which is apparently due to the transition from the paramagnetic metal 
in the superconducting state. There was a bend of temperature dependence of the LTEC, which 
shows broad peak around 40 K and can be attributed to the elastic lattice anomaly around the 
end-point of Mott boundary.  A sharp jump in the LTEC values and hysteresis was observed in 
the area of Tg ~ 75-77 K, what is likely explained by the transition in a glass-like state. The 
isotope effect in the thermal expansion is discusses, which manifested itself in a shift of the 
phase transitions in comparison with fully deuterated BEDT-TTF sample.  
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lattice).  The dimer planes are tilted along a - axis in opposite directions for adjacent layers. 
BEDT-TTF molecules have two stable conformers differing in orientation direction of the end of 
ethylene groups (eclipsed configuration if hydrogen atoms at the vertices of the hexagon are in 
the same directions, and staggered configuration in opposite case).  At room temperature, these 
two conformations are experiencing continuous mutual transformation due to thermal 
fluctuations.  By lowering the temperature the thermal motion of ethylene groups freezes, and 
BEDT-TTF molecules form a glassy phase.  The speed of the cooling in the region of the glass 
transition (Tg≈65-85 K) plays a decisive role in the residual disordering of molecules BEDT-
TTF, which is stored then in the crystal to very low temperatures [5-6].  Unpaired π-electrons of 
skeleton of BEDT-TTF molecules  provide the ability to charge transfer both within the dimer 
and between dimmers. A prerequisite for the charge transport in the crystal is the presence of 
anionic (Cu[N(CN)2]Br) layers.  Anion layer is composed of polymer zigzag chains, elongated in 
the direction of a,  which consist of copper ions Cu+,  linked by two dicyanamide bridges 
[(NC)N(CN)] - (DCA)  and a halogen atom (Br) at the end (see Fig.1b).  Anions, performing the 
function of an electron acceptor, can affect the packing of the donor molecule BEDT-TTF, which 
determines the nature of the transport properties, but do not directly participate in the conduction 
process.  The electronic state of cation - anion system is interpreted as a simple effectively half-
filled Mott-Hubbard state, and is determined by a subtle balance of band energy W, 
indoor/outdoor Coulomb energy of dimer (U and V, respectively), and the electron-phonon 
interaction between π-electrons existing in the low-dimensional lattice. If U is greater than W, 
the system goes into Mott’s insulating state (AFM ground state). On the other hand, in the region 
where W exceeds U, the ground state is strongly correlated metallic state. A relatively high 
temperature superconductivity (Тс ≈ 10 К) is observed in this area [7-9].  A large impact on this 
ratio can have pressure applied to the crystal, which helps to reduce the ratio of U/W, and the 
type of halogen in the anion molecule, which increasing in mass has an effect comparable to the 
application of external pressure [10].  Small changes in pressure, temperature, chemical 
composition, have a decisive effect on the properties of such systems.  For such objects with 
many degrees of freedom, the proper interpretation of the experimental results is often complex 
and ambiguous.  The combination of structural and thermal methods of investigation, in 
particular, studies of thermal expansion substantially able to facilitate the interpretation of 
results,  since various processes of magnetic and structural ordering appear differently in the 
physical properties of these substances.  Precision measurement of thermal expansion and the 
specific heat at low temperatures can also provide information about the specific phase 
transitions induced by quantum phenomena at low energies.  The aim of this work was to study 
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Fig. 3. The dependence of LTEC on temperature a) 2-290 K; b) 65-95 K; c) 2-30 K.  
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Fig. 4. Phase diagram of the dimer-Mott system based on κ -type salts consisting of BEDT-TTF 
molecules and effect of the deuteration degree (based on the data [12]). 
 
In the temperature range of T*~30-45 K (Fig. 3a) there is a bend of the temperature 
dependence of the LTEC with a peak of 35-40 K. This is not considered as a phase transition but 
reflecting a gradual change in the lattice.   In the vicinity of the temperature Tg ~ 75-77 K there is 
a thermal expansion anomaly (Fig. 3b), typical for the phase transition,  a sharp jump in the 
LTEC values and hysteresis: the values obtained during the heating and cooling of the sample 
differed significantly.  This anomaly is likely explained by the transition upon cooling of the 
sample in a glass-like state.  A single point of view on the nature of this state is absent. Number 
of authors attributed this anomaly to the conformational freezing of the terminal ethylene moiety 
in BEDT-TTF molecules (see Fig.1d,f) [4-6]. An alternative view is that structural 
transformations of the polymeric chain will translate into changes of the orbital overlap 
determining the electronic properties within the BEDT-TTF layers [14]. 
At higher temperatures in the range 160-190 K, there is a maximum of LTEC (Fig. 3a), 
likely due to the influence of several competing mechanisms. Positive contribution to the thermal 
expansion makes the anharmonicity of the vibrations of BEDT-TTF dimers.  The negative 
contribution may be related to the excitation of transverse optical vibrations of Cu-dicyanamide-
Cu anionic polymer molecules chains.  Reduction of the LTEC values with increasing 
temperature above 190 K, is apparently due to the increase of this contribution. 
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3. Influence of deuteration on the thermal expansion. 
Investigated κ-(D4-BEDT-TTF)2Cu[N(CN)2]Br  sample was partially deuterated - four of 
the eight hydrogen atoms in ethylene BEDT-TTF groups have been replaced with deuterium. It 
is known that deuteration has a strong effect on the electronic state. κ-(D4-BEDT-
TTF)2Cu[N(CN)2]Br is located in the border region of the superconducting and 
antiferromagnetic phase, while D8- compound and H8- compound is in the antiferromagnetic and 
superconductiing phase, respectively  [12]. 
 
                                                   
 
 
 
 
Fig. 5. Schematic image of the molecule d[2,2] BEDT-TTF [12]. 
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Fig. 6. Effect of the deuteration degree on thermal expansion of κ-(BEDT-TTF)2Cu[N(CN)2]Br. 
 
Fig. 6 indicates that the deuteration degree of the sample (d [2;2] blank circle - this sample, 
d [4;4] triangles – data [6]) strongly affects the glass transition temperature Tg.  For our sample 
d [2; 2] region of the glass phase transition was shifted toward lower temperatures (Fig. 6b), 
which is likely due to the smaller total angular momentum of the ethylene groups of molecules 
BEDT-TTF in the case of the sample d [2;2] compared with fully deuterated sample d [4;4], 
resulting in disinhibition of the synchronized  motion of ethylene groups in both side of BEDT-
TTF molecules. At the same time, changes in the deuteration degree weakly affected the 
transition temperature to the superconducting state Tc. It is further interesting that in the sample d 
[2;2] the anomaly at T* is much more pronounced and becomes sharper than for the sample d 
[4,4] (Fig. 6).  This is considered as a change of elastic feature occurs in the Mott-Hubbard 
physics in organic systems. Kagawa et al observed by the transport measurements under 
precisely controlled helium gas pressures that the Mott boundary in the dimer-Mott system gives 
unusual criticality [15]. They further indicated that the end-point of the Mott boundary exits at 
about 33-38 K in the case of -(BEDT-TTF)2Cu[N(CN)2]Cl by the gas pressure controlled 
experiments to adjust U/W ratio at the boundary. The higher temperature region than this critical 
end point temperature, a supercritical region like liquid-gas system under high pressure can exist. 
Since the d[2,2] sample exists just close to the boundary at ambient pressure, the observed 
pronounced anomaly may be related to the criticality around this end point. The elastic change 
occurs around the boundary region for -(BEDT-TTF)2Cu[N(CN)2]Cl compound under gas 
pressure  is reported in [16]. More detail experiments around this region for d[2,2] sample and 
other deutrated samples with different ratio are necessary to investigate this point more clearly. 
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The formation of SDW like anomaly previously reported in this temperature region in -(BEDT-
TTF)2Cu[N(CN)2]Cl may be related to this criticality and elastic feature. The observed hump 
like structure of LTEC and the difference of d[2,2] and d[4,4] are consistent with picture of the 
two-dimensional Mott boundary (fig.4).  
In the temperature range 11-66 K the LTEC values for partially deuterated sample were 
systematically lower than for fully deuterated sample.  In the case of deuterated sample, hydrogen 
bonding between donors and anions may be suppressed by the deuteration and the thermal 
expansion may become easier.  
 
4. Conclusion.  
Thermal expansion of monocrystalline sample κ-(D4-BEDT-TTF)2Cu[N(CN)2] Br was 
studied along the crystallographic direction b (perpendicular to the plane of the crystal) in the 
temperature range 2-290 K. The temperature dependence of the linear thermal expansion 
coefficient (LTEC) of the investigated sample had a number of features. Below Tc = 11,6 K the 
LTEC of the sample had a small negative values which is apparently due to the transition from 
the paramagnetic metal in the superconducting state. In the temperature range T*~35-40 K there 
was the bend of the temperature dependence of the LTEC, which can be explained by the 
criticality of the Mott-Hubbard physics in 2D dimer-Mott state. A sharp jump in the LTEC 
values and hysteresis was observed in the vicinity of the temperature Tg~75-77 K, what is likely 
explained by the transition upon cooling of the sample in a glass-like state. A broad maximum of 
LTEC took a place in the range 160-190 K.  Presumably, this feature is associated with the 
competing influence of the positive contribution to the thermal expansion caused by 
anharmonicity of vibrations of the BEDT-TTF dimers, and the negative contribution associated 
with the excitation of transverse optical vibrations of molecules of anionic polymer chains Cu-
dicyanamide-Cu.   Lowering the LTEC values with increasing temperature above 190 K is most 
likely due to increased role of the last contribution. 
The thermal expansion of the sample κ-(D4-BEDT-TTF)2Cu[N(CN)2]Br clearly 
manifested isotope effect in comparison with fully deuterated sample.  In  κ-(D4-BEDT-TTF)2Cu 
[N(CN)2]Br the area of the glass phase transition was shifted toward lower temperatures.  This 
can be due to smaller total rotational momentum of BEDT-TTF ethylene groups in the case of 
partially deuterated sample.  In the temperature range 11-66 K values of LTEC for partially 
deuterated sample were systematically smaller than LTEC of fully deuterated sample.  This can 
be attributed to the presence of a negative contribution due to quantum effects available in the 
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energy spectrum of the partially deuterated molecule BEDT-TTF.  For heavier fully deuterated 
BEDT-TTF, this effect is less pronounced. 
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